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(54) SEiVIICONDUCTOR LIGHT REC El\ ING ELEMENT 

(57)Abslracf 

PURPOSE: Tt> reduce ihe dark cm renl in a scmiconducior light sensiiive 
element, especially ofiiic InCiaAs API) consu iiclion suiiable tor l&nur.m 
band optical commu nicalion. 

CONSTITUTION: An a\'alanche pholodiode with a guard ring in the hiihl 
recei\'ing pari, is so constituted thai a l inged electrode 10 is prox ided with its 
inside circumference identical with that of the iiuard rinii 2. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

I This document has been translated by computer. So the translation nui> not relied ihe original precisely. 

2. **** shows the word which can not be translated. 

3. hi the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention! 
[0001 J 

[Industrial Application] this inxenlion relales to a semiconductor pht)lu detector. Suitable indium gallium arsenide system 
avalanche t\pe photo diode lo use for 1 -micrometer band optica! cv)mmunication especially (InCJaAs APD:A\ alanche 
PhotoDiode) It is related with suiicture 
[0002] 

[Description oflhe Prior Drawing is cxpianalorv drawmu vt.i ihc coiuciuiojial cxaiuiilc. virawiUL: -- scuujg - I p+ -Ini^ 
layer and 2 a guard l ing and ^ -- a n-lnP multiplication layer atu! -I n-^lnP a layer and ^ - n-lnP a layer and 6 n-FnP a laver 
and 7 - a n-lnCaAs optical-abstMpiion lavcr iind S - n+lnP a buMcr la\er - 9 is n+lnP. For a subslnile and 10. as for a 
passivation film and 12. an Au.VVuZn cK.vUmJc :ind 1 1 arc j an aniircllc. iion him and ! " I \u ' AuCic •jlectn^lcs 
[0003 J The principal part cross section v>l the general sirueiure ol inCi;jAs .AJM) is shnwn in drawing .> (a). Incidence oflhe 
liglitwave signal is cairied out inside the ring-like electrode 10. Lightwave signal which cairied out incidence. It is absorbed in the 
optical-absoiption la\ er 7. A canier is generated according to the size ol a signal. This carrier is injected intt) the n-InP 
multiplication layer 3 tlnough the n-Iitf layei" C) and the n+-hiP layer 4 by the electric field currently impressed to ilie 
optical-absoiption layer 7. 

[0004] Multiplication of the poured-in earner is cairied out within the multiplication layer 3, and it is taken out outside tlirough 
p+-InPl and an electrode 10. It is n-Inl-^ in order to cany out multiplication of the cairier. High electric field are impressed to the 
multiplication layer 3. The t}'pical electric-field distribution cun entlx' impressed to the element at the lime of operation of this 
element is shown in drawing 3 (b ). 

[0005] It is usual as shown in drawing. The electrode 10 is fomied inside the guard ring. 
[0006] 

[Problem(s) to be Soh'ed by the Invention] ft sets to a photo detector. Current which (lows e\'en if there is in^ lightwave signal. In 
order for the so-called dark cunent to cau.se noise and to reduce receiving sensitivit\' It is required in a thing small as much as 
possible. 

10007] ll is made lo spread. Above Willi .\PI ) i hiil ihe dark cunviil is ;is large as dozens n.-\(si po.ses a problem. The main 
caiLses of the dark current are defecliw k\e! ulneh e.xisis in ihe ni'tliij'licalion hner ^ and ihe npiieal-absoriMion layer 7. this 
invention is olfered for the purpose of re.i'ie:ni.! 'he dark euneni v: * 'e'\ :»rihe ab« i^'Mu' 
[0008] 

[Means for SoKing the Problem | Drawing I is principle e.xplanaloiy drawing of this invention, drawing - setting - 1 - p+ -InP 
layer and 2 - a guard ring and 3 -- a n-InP multiplication layer and 4 - n+InP a layer and 5 - n-InP a layer and 6 - n-lnP a layer 
and 7 - a n-lnCmAs optical-ab.soiplion laver and -- n+lnl^ a buffer la\er - 9 is n+lnP. For a subsirale and 10. as for a 
passivation film and 12. an Au/AuZn eleclRjdc and I 1 are [ an andrclleclion film and } "^ | .Aa.XuCie declruJe.N. 
[0009] What is necessaiy is just to make inner eircumference of a ring-like electix)de into sinjciure winch is in agreement with the 
inner circuniference of a guard ring Hmdamentaily as a means to solx e the above-mentioned trouble. As [ correspond / the inner 
circumference of the puipose of this in\*ention of a ring-like electrode / in the avalanche l\pe photo diode w hich has a ring-like 
guard ring / namely, / with the light-reeei\ ing section / w ilh the inner etieunilerence of lhL^ guaid ring | The eieclrodc oflhe shape 
of this ring is prepared and il is attained bv the bird clapper. 
[0010] 

[Function] The dark cuirent in this system. The following tw-o components are mainly ruling o\ er. namelv, QuantitA' electric field 
are impressed. The dark cunent (Idl) bv the defective le\el in the InP multiplication la\'er 3, and the dark cunent (ld2) bv the 
defecli\'e le\el in the optical-absorption laser " it is . 

[001 1 ] As [ show / the following fomuila .' these cunent •. respecii\el\ | l.iach area (SI and S2i and thickjiess ( Ll and L2) 

Defective level concentration i NT I anJ NT2 "il is proj^H iional. 

ldl**q.Sl Ll NT I Id2**qS2 I 2 NT2 - here is an elcvironie mim. . li n oc 

[00I2| this invention is SI. li is effeclivv- in (vniu able U - decrea.se ..iivi redueniii the dark eiiiTenl 

[0013] 

[Example] Drawing I is explanatoiy di :a\ ing of principle explanaioix draw ing-cunvl example of this invention. Drawing 2 is the 
related \ iew oflhe defective lex el conceuiraiion in an oj)iical-absorpUon layer, and the dark curreni. 
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[0014] It is n+-IiiP iis shown in dr awinfi \ . ll is MO VPE (Metal Organic VaporPhase lipiiaxT) on a substrate 9. A method is 
used and it is n+-IiiJ^ with a thickness oi' I niicrunieter Butler hi\ers «s and 2.4 n-hiUaAs iipiical-ahsorption lu\crs 7 and 0.5 of 
mum n+-InP t)f mum n-IiiP of 4 or 3 micromeicrs oflayers A hiyer 5 is gnnvn up in ordei*. 

[001 5] A guard ring 2 is beiyllium (Be ) lo the shape of a ring. An ion iniplaniation is carried out and ii creates. At this time Guard 
ring 2 huier circuniJerence is a diameter ufligln-receiving. Tor example, ii is made in agreemeni w ith 50 micrometers, 
[0016] It is created by the selective dilliision of zinc (Zn) or cadmium (Cd), and the p+ layer 1 is ().2-micromeler n-InP. A layer 3 
turns into a multiplication layer. Next, a bore is ihe same as a guard ring on a guard ring 2 so that it mav illustrate, and it leaves 
the hole of the shape of a ring with a width of face of about 5 micrometers, iuul is u phisina CX'O method aNnit a silicon-nitride 
(Si3N4) tilm to a data front face. .About ".2 micrometers isdepcisiicd 

|0017| then Vacuum dejiosition of Au/i! and iIk- \u film is carric: .hm the liolc mc!:JU)i!ed ah.^v^- md ji ^--Misiders as an 
electrode. Aiul vacuum deposuion of gold and germaniuni ( AuCiei. and the gold t.Au) is canied out to the interior surlace of 
tongue of data, and it considers as an clccirodc. 

[0018| It is the defective level concentration N f in the optical-absorption layer 7 to draw inu 2 . f)ark cuirenl Id A relation is 
shown. Defective level concentration N i i in the muhiplication la\er .i It is 1 .iX lul .Vin-.i. Although the dark current decreases 
with reduction of NT2, if NT2 becomes about | 5X101 icm - / 3 or less |. the dark current bv N f I will become dominant 
[0019] Now. NT2 can be reduced to about | 5X 101 1cm - | three, and N f 1 is goxeminii the present dark cunent. Therefore SI It 
turns out that decreasing is eflecti\ e in ivJuciion of the dark curreni. 

[0020] In the case of the element of 50 micrometers of diameters of light-receiving B\' this invention. SI can be leduced about 

30% and can also reduce the dark curreni about 30%. 

[0021] 

[Ettect of the Invention] According to this invention, the place which can reduce the area t>f the field w hich is gox'eming the dark 
current, can reduce the dark cuirent leading lo noise, and contributes lo ihe impn>vemeni in a jierformance of a j">hoto detector is 
large. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. 'l'his documeiU has been iraiisliiicd In v;(iiii|>uiur. So ijic iriiiislaliun iikiv iu)l icllocl liic urijiuuil |)rcci.sel\. 

2. **** shows Ihe word which can noi be u anslaicd. 
3. In the drawings, any words are mrt iraiishiitil. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by coniputer.So the iranshilion may mi reflect the original ]irccisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] As f be / in agrcenicnl with llic iiiilii-rccciv inu .Ncciiui. .l:^- iiN.iIunch^ l\|v piioUi Ji««dc ^^hid\ a rinii-likc guard 
ring/ ihc iniicr ciroumJerence ol'a rinj^-iiiw v'L'-u\«Jc ' wj-L ihc iii.k. .'..Jniciviiwc v ^-..jr.,- ..-..^ | SLii...»uiJucU'i" phoU> 
detector which the electrode urUie sha|v .^' iijis ring is pivj^arcJ aiiu is Juiniclch/ed ihe bird clapper. 
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[00011 

(InGaAs APD: Avalanche PhotoDiode) ff)1t^i:Mt 
h. 

[0002] 

im(r)mii msummiomfmx'hh. miza^^ 

T. Ittp* -IvPm. 2\i.iS-Y')y^. 3tin-lnPli 
^m. 4an* \n? m. 5»4n-InPS, 6{in-InP 
®, 7«n-IiiGayte^lRS, 8«4n* InP A y^r 
a. 9«n* InP mi. KXiAu/AuZnmffi, 
'^->'3>'IS. 12{iRlffil!iJtlS. 13tlAu/AiGe«ffi-C* 

[00031 InGaAs APD<7>HRW=5r<83S<^±Sa5»ffi0 

^ y TJiatSyRS 7fc:9)jB$<i-Cv^S«*fc: J: ot: n-i 
nPJg6Rt/n* -InPJi4^jioi:n-Ii«8fi§E®3K:^ 

[00041 jtA$iT/<:^ A- 'J Tkm&m 3 rtTtM<&S 

ttp* -inPi&vMo^aLTii^fcjRoaj^ns. 
x\^h9mm%wimi:m3 ( b ) tc^. 

[00051 BtcS^-r J; d t , a?&. mffilWlXf- H 'J 
[00061 

[fSHH*«)B3{LJ:3f:-ri.ilSlS3l^^fc:*JV>-C, 36 

[ 0 0 0 7 1 L*» L. iM<r> APOTJi. B&«aa)^+n 
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n* InP /W7TJi. 9ttn« InP ffifi. lOJiAu/AuZn 

Au/AuCeSeT'*S. 

[ 0 0 0 9 1 jjfi^rajs^s-iK^-r t u-c . s* 

orti^A^m;*'- H U y<f<nHSi t -Wcth Xolz. MO 

10 ym(r)mwmiit>tix^j:i>zbizxomm^tis>, 

[00 101 

fgii 3 *<^?WfiltC J:I.BiS8£(Idi ) i:3K«lR« 7 + 

comm.tzxmmsnut) Tfts. 

[00111 c:n<i><0S5S»i-e^i-P^i»:^T*-r ct d 

{z. ^ti^ticotm(si Mfst) .mm (u m^L 
2) .mm&MS. (Nii&ifNrz) izimth, 

IdiocqSi Li Nil, I(i2«:qS2 Lt N12 
[00121 *I6H8»4. Si . Bf 

[00 131 

[00 14] ait=*i-i3{C. n* -InP ««9±tC 
MOVP£( Hetal Organic VaporPhase Epitaxy ) £ 
Srffl<r^Tff$ljumi?)n* -InP A-y7rS8, 2.4 ju 
30 mtf5n-InGaAsMaRltZ^7, 0.5 /im<On* -InP ® 
4, 3jumcr)n-InP fl5$:>ifc^ft-rS. 
[ 0 0 1 5 1 ;<r- K U y/2<4 'J y/ttt^U 'J -^A 
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40 y y^ttOi(t«-«Lr «Raiiik:SfliS^ U n y (SijNi ) 
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■7n«>A(AuGe) i:ife(Au) fc^HS^U-CmSfc-rS; 
[00181 02 {33t«ilRS7 •t'CTj^sJSIIftigJSNi t 

NiiJi 1.5X10'3cr3t:'ft&. Ni2tf5»iJ^tfttC«IIK8 

Ji«^l'^-r&*\ Ni 5 XlOi 'ci-3gjgJilT(c^:l. b N 
Ti {c J: Si©mB£*^'ifiWtc^cS^>{tfJ)l. . 
50 [001913S4. Ni2<45X10>'c«-3gJS*-Cfi«1- 
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